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0 \ The Kennedy Space  C e n t e r  (KSC) h a s  a l a r g e  complex 
o comniunicat ions ne twork  i n v o l v i n g  many d i f f e r e n t  t y p e s  o f  

s y s t e m s ,  which i n c l u d e  b a s i c  a u d i o  t r a n s m i s s i o n  s y s t e m s ,  wide- 
band t r a n s m i s s i o n  s y s t e m s ,  t h e  O p e r a t i o n a l  I n t e r c o m m u n i c a t i o n  
Sys t em (OiS) and many s p e c i a l  p u r p o s e  a p p l i c a t i o n s  o f  t h e  b a s i c  
cab le  p l a n t .  The t y p e s  o f  communica t ions  and t h e  methods  o f  
m o n i t o r i n g ,  v a l i d a t i n g ,  t e s t i n g  and  e v a l u a t i n g  t h e  t r a n s m i s s i o n  
l i n k s  have  been  r e v i e w e d  to d e t e r m i n e  m o n i t o r i n g  and c h e c k i n g  
me thods  t h a t  are c a n d i d a t e s  for f u r t h e r  i n v e s t i g a t i o n .  

Dur ing  t h e  c o u r s e  of t h i s  review, t h e  gi-ass n a t a r e  
of t h e  communica t lons  problems e x p e r i e n c e d  a t  KSC was o b t a i n e d  
by examin ing  t h e  t r o u b l e  t i c k e t s  which were p r e p a r e d  d u r i n g  
t h e  CDDT and Launch Coun t s  for A p o l l o  4, A p o l l o  5 ,  a n d  A p o l l o  6 .  
These  show t h a t  t h e  m a j o r i t y  of  p rob lems  were e x p e r i e n c e d  i n  
t h e  01s and wideband c i r c u i t s .  I n  a d d i t i o n ,  t h e  p r o b l e m s  
e x p e r i e n c e d  i n  wideband c i r c u i t s  u s e d  by t h e  A p o l l o  Checkout  
Equipment  (ACE) were rev iewed u s i n g  t h e i r  U n s a t i s f a c t o r y  
C o n d i t i o n  R e p o r t s  ( U C R ' s ) .  

A number o f  t h e  communicat ion s y s t e m s  have  a l i m i t e d  
number o f  s t a t i o n s  and  l i m i t e d  t r a n s m i s s i o n  f a c i l i t i e s .  By 
t h e  n a t u r e  of t h e i r  end i n s t r u m e n t s ,  and t h e i r  g e o g r a p h i c a l  
d i s t r i b u t i o n ,  t h e y  a re  n o t  c a n d i d a t e s  for c h e c k i n g  o t h e r  t h a n  
by  s c h e d u l e d  p e r i o d i c  i n s p e c t i o n  e x c e p t  when d i f f i c u l t y  i s  
r e p o r t e d  by t h e  u s e r .  On t h e  o t h e r  hand ,  the 01s s y s t e m  and  
t h e  d a t a  t r a n s m i s s i o n  sys tem o v e r  wideband f a c i l i t i e s  a p p e a r  
to be  c a n d i d a t e s  for more augmented t e s t i n g  me thods .  Both  
i n - s e r v i c e  m o n i t o r i n g  and  a d d i t i o n a l  t e s t  equ ipmen t  and  
f a c i l i t i e s  for t h e s e  communicat ion s e r v i c e s  s h o u l d  b e  i n v e s t i -  
g a t e d .  

S E E  REVERSE S I DE FOR D I S-T-IR*I*B!'T I O N  L I S T  
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TECHNICAL MENOR!.NDUl'< 

The Kennedy Space  C e n t e r  ( K S C )  communication s y s t e m s  
have been  r e v i e w e d  to sugges t  a p p r o p r i a t e  methods f o r  moni- 
t o r i n g  and c h e c k i n g  o u t  t h e s e  s y s t e m s .  The re  a re  a l a r g e  
number o f  f a c i l i t i e s  and d i s c r e t e  equ ipmen t s  which s h a r e  t h e  
KSC c a b l e  p l a n t .  T h i s  rev iew p r e s e n t s  r e a s o n a b l e  sys t ems  
and methods for mon. i tor ing ,  v a l i d a t i n g ,  t e s t i n g ,  and e v a l -  
uz . t t ng  t h e  t r a n s m i s s i o n  l i n k s .  

I n  g e n e r a l ,  t h e  v a r i o u s  s y s t e m s ,  b o t h  by a p p l i c a t i o n  
and by e x p e r i e n c e ,  can  be divided.  i n t o  t w o  t y p e s .  For 
many a p p l i c a t i o n s ,  t h e  p r e s e n t  manual methods of  a l i g n m e n t ,  
o p e r a t i o n ,  and t r o u b l e  s h o o t i n g  seem t o  be  approp?: ia te .  The 
o t h e r  sys t ems  which a p p e a r  t o  m e r i t  more t e s t  and  m o n i t o r  
equipment  a r e  (1) t h e  wideband t r a n s m i s s i o n  of d i g i t a l  d a t a ,  
and  (2) t h e  overa1. i  O p e r a t i - o n a i  I n t . ~ r ~ . ~ m i ; i i . i i l i c a ~ . ~ n n  S;?s-!.ern 
I ,-,7 P I  \ 

tuJ-2~). 

I n  t h e  c o u r s e  of t h i s  r e v i e w ,  t h e  n a t u r e  o f  t r o u b l e s  
and a measure  o f  t h e  f requency  o f  t h e i r  o c c u r r e n c e  were 
o b t a i n e d  b y  a revier,.: of  t h e  t r o u b l e  t i c k e t s  t h a t  were w r i t t e n  
d u r i n g  the CDDT, FRT, and Launch Countdown of Apol lo  4 ,  
Apo l lo  5 ,  and Apollo 6 .  The Apollo Checkoat  Equipment ( A C E )  
rcporats  ( U n s a t i s i ' a c t o r y  C o n d i t i o n  R e p o r t s  ( U C R ' s ) )  of  problems 
s i n c e  l a s t  summer ?;ere a l s o  rev iewed t ,o d e t e r m i n e  t h e  u s e r ' s  
a s s e s s m e n t  of t h e  n a t u r e  o f  t h e  communicat ion d i f f i c u l t i e s .  

I 

A key e l e m e n t  i n  p 'ov i  d i n z  ircproved communicat ions 
s e r v i c e  i s  c u r r e n t  documenta t ion  o f  t h e  s y s t e m  c o n f i g u r a t i o n .  
T h i s  t a k e s  p r e c e d e n c e  o v e r  advanced sys t ems  m o n i t o r i n g ,  
v a l i c l a t j  on ,  and t e s t i n g  equipment .  I n  a d d i t i o n ,  communicat ion 
f a c i l i t i e s  for t r o u b l e  s h o o t i n g ,  such  as a d e d i c a t e d  o r d e r - w i r e  
a re  e s s e n t i a l  e l e m e n t s .  
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T h i s  r e p o r t  i s  d i v i d e d  i n t o  s e c t i o n s  d e a l i n g  w i t h  
t h e  f a c i l i t i e s  r e v i e w e d ,  a d i s c u s s i o n  o f  t h e  s e r v i c e  e x p e r i -  
e n c e ,  a r e v i e w  o f  no rma l  m a i n t e n a n c e  p r a c t i c e  and i t s  a p p l i c a -  
t i o n s  a t  KSC, and t h e n  a more d e t a i l e d  d - i s c u s s i o n  o f  t h e  01s 
and  wideband d a t a  t r a n s m i s s i o n  s y s t e m .  

2 . 0  KSC TRANSMISSION SYSTEMS 

The KSC s y s t e m s  which have  b e e n  r e v i e w e d  a r e :  

a .  Wideband s y s t e m s  which t r a n s m i t  v i d e o  s i g n a l s  
f o r  s t a n d a r d  t e l e v i s i o n  and  t h e  O p e r a t i o n a l  
T e l e v i s i o n  (OTV). The same t y p e  o f  f a c i l i t i e s  
a re  u s e d  f o r  wideband d i g i t a l  t r a n s m i s s i o n  f o r  
A C E ,  RCA 1 1 0  compute r s  and  t h e  D i g i t a l  Data 
A c q u i s i t i o n  System (DDAS). 

b .  O p e r a t i o n a l  I n t e r c o m m u n i c a t i o n  Sys tem (01s) 
which i n c l u d e s  t h e  v a r i o u s  @ I S  ( A )  a u d i o  
f a c i l i t i e s  and t h e  01s (HF) s y s t e m  a t  Launch 
Complex 39 and  t h e  Manned S p a c e c r a f t  O p e r a t i o n s  
B u i l d i n g  (MSOB). 

e .  O t h e r  Audio T r a n s m i s s i o n  Sys t ems  which i n c l u d e :  

1. Te lephone  Company Leased  Wire 
2 .  P o i n t - t o - T o i n t  C i r c u i t s  
3. Mobi le  E a d i o  Systems 

5 .  T iming  and  Countdown S y s t e m s .  
4. ~ l s c p i l a n e p u s  !!~mrnnis~r~tl~~c 'i 'elepr,cne 

d .  O t h e r  Data Sys tems :  

1. Leased  T e l e t y p e  a n d  F a c s i m i l e  C i r c u i t s  
2 .  D i g i t a l  Data C i r c u i t s  
3.  Analog Data  C i r c u i t s  
4 .  Leased  T e l e t y p e w r i t e r  and  F a c s i m i - l e .  

It i s  r e c o g n i z e d  t h a t  some cf t h e s e  s y s t e m  have  
been  p r o v i d e d  t o  s a t i s f y  s p e c i f i c  s y s t e m  r e q u i r e m e n t s  i n  a 
l a u n c h  complex.  T h e  cab1.e p l a n t  i s  u s e d  as  t h e  h a r d w i r e  
t r a n s m i s s i o n  medium be tween s p e c i a l  s p a c e  v e h i c l e  checkou t  
equipment  which i s  l o c a t e d  i n  s e p a r a t e d  K S C  f a c i l i t i e s .  The 
e n g i n e e r i n g  o f  t h e s e  a p p l i c a t i o n s  s h o u l d  c o n s i d e r  t h e  o v e r a l l  
e f f e c t  o f  t h e s e  s i g n a l s  t o  o t h e r  s e r v i c e s  and  t h e  p o s s i b l e  
e f f e c t s  o f  o t h e r  s e r v i c e s  on t h e s e  s p e c i f i c  a p p l i c a t i o n s .  Thus ,  



B E L L C O M M ,  I N C .  - 3 -  

a l t h o u g h  i m p o r t a n t  t o  t h e  conduct  o f  a t e s t ,  t h e  r o u t i n g  
and  a p p l i c a t i o n  o f  l i m i t e d  end i n s t r u r n e n t s  h a r d l y  j u s t i f i e s  
s p e c i a l .  t e s t  equipment  or c a b l e  r o u t i n g .  P e r i o d i c  l n s p e c t i o n s  
and t e s t s  seem t o  be  t h e  only  r e a s o n a b l e  ma in tenance  a p p r o a c h .  It 
i s  o u r  o p i n i o n ,  s u b s t a n t i a t e d .  b y  t h e  number and n a t u r e  
o f  p r e v i o u s  d i f f i c u l t i e s ,  that such  a p p l i c a t i o n s  as t h e  
D i g i t a l  T r a n s m i s s i o n  System (DTS), t h e  D i g i t a l  Event  E v a l u a t o r  
( D E E ) ,  t h e  D i p i t a l  S e c u r e  Range S a f e t y  Sys tem Closed  Loop 
Checkout ,  t h e  B o o s t e r  Emergency D e t e c t i o n  System (EDS) and  
A C E  f r e q u e n c y  m u l t i p l e x e r  use  i n  t h e  19 AWG cab1.e p l a n t  do  n o t  
m e r i t  changes  or a d d i t i o n s  t o  t h e  p r e s e n t  ma in tenance  f a c i l i t i e s  
and o p e r a t i o n a l  p r o c e d u r e s .  

3.0 KSC SERVICE EXPERIENCE 

The t r o u b l e  t i c k e t s  (TT) f rom t h e  Apo l lo  4 ,  Apollo 5 
and  A p o l l o  6 m i s s i o n s  were r e v i e w e d .  T r o u b l e  t i c k e t s  a r e  
p r e p a r e d  by t h e  F e d e r a l  E l e c t r i c  Company ( F E C ) ,  t h e  s u p p o r t  
c o n t r a c t o r  f o r  corrmiunications o p e r a t i o n s .  Summaries o f  t r o u b l e  
t i c k e t s  f o r  t h e  C D D T ,  FRT and  l a u n c h  p e r i o d s  o f  t h e s e  m i s s i o n s  
can  be  found i n  T a b l e s  I and 11. 

T a b l e  I i s  a summary by s y s t e m  and i n d i c a t e s  t h a t  by 
f a r  t h e  g r e a t e s t  number o f  t r o u b l e s  were r e p o r t e d  i n  t h e  01s 
system. O f  t h e  r e m a i n i n g  s y s t e m s ,  wideband d a t a  t o p p e d  t h e  
list w i t h  t r o u b l e s  i n  t h e  t i m i n g  s y s t e m  r u n n i n g  a r e l a t i v e l y  
c l o s e  t h i r d .  From c o n v e r s a t i o n s  w i t h  KSC t h i n g  p e r s o n n e l ,  
it a p p e a r s  t h a t  most  o f  t h e  t imTng p rob lems  were w i t h  t h e  

c a t e g o r y  l i s t e d  l a s t  b u t  no t  w i t h  t h e  l e a s t  number o f  t r o u b l e s  
i n c l u d e s  t h e  numerous small s y s t e m s ,  t h e i r  end i n s t r u m e n t s ,  and 
t h e  o p e r a t i o n a l  TV (OTV) s y s t e m  ( cameras  a n d  m o n i t o r s ) .  

elj(i - i r j s [ , L , k l , i i 21 , t3  ai-Ld i?ot C L -  b l i i -  <- - - - - - :  b l  C ' l i d i i 1 l O d l " l i  n > 7  .L f - n i  7 i 3 - 7 7 ,  The "c th~r1 l  

A b s o l u t e  nuniberzs o n l y  a re  p r e s e n t e d  h e r e .  No 
a t t e m p t  i s  made t o  r a t i o n a l i z e  why one s y s t e m  h a s  a g r e a t e r  
number o f  t r o u b l e s  t h a n  a n o t h e r .  The i n t e n t  i s  t o  d e t e r m i n e  
t h e  number o f  t r o u b l - e s  e x p e r i e n c e d  by a p a r t i c u l a r  s y s t e m  as  
a n  i n d i c a t i o n  of f u t u r e  t r o u b l e .  

T a b l e  11 i s  a summary by t y p e  o f  t r o u b l e  f o u n d  f o r  
t h e  above  s y s t e m s  on a mrission b a s i s .  Equipment p r o b l e m s  
( c o m b i n a t i o n  o f  columns 3 and 4 i n  t h e  t a b l e ) ,  no t r o u b l e  
found (column 5 )  and w i r i n g  or p a t c h  p rob lems  (column 7 )  com- 
p r i s e d  t h e  g r e a t  m a j o r i t y  of t r o u b l e s  r e p o r t e d .  Most of' t h e  
t r a n s m i s s i o n  equipment  problems were found i n  t h e  01s and 
wideband s y s t e m s .  



B E L L C O M M .  I N C .  

3. l Wideband C i r c u i t  T r o u b l e  R e p o r t s  

Dur ing  v i s i t s  to KSC i n f o r m a t i o n  c o n c e r n i n g  
t h e  p a s t  h i s t o r y  o f  wideband d a t a - c i r c u i t  t r o u b l e s  was o b t a i n e d .  
A t o t a l  o f  twen ty - seven  U n s a t . i s f a c t o r y - C o n d i t f o n  R e p o r t s  ( U C R ' s )  
on t h e  ACE wideband c i r c u i t s  o v e r  a p e r i o d  f rom J u l y  1 4 ,  1967 
t h r o u g h  March 5 ,  1968 was made a v a i l a b l e  by t h e  NASA S p a c e c r a f t  
Q u a l i t y  Assessment  and  R e l i a b i l i t y  R e p o r t i n g  S t a f f  (LS-QAL-1). 
I n  t h e  case of t h e  U C R ' s ,  FEC a l s o  made a v a i l a b l e  t h e  c o r -  
r e s p o n d i n g  t r o u b l e  t i c k e t s  t h a t  a re  s t i l l  r e t a i n e d  i n  t h e  f i l e .  
A d d i t i o n a l  i n f o r m a t i o n  was o S t a i n e d  d u r i n g  f o r m a l  and i n f o r m a l  
d i s c u s s i o n s  w i t h  FEC and NASA p e r s o n n e l .  

It became a p p a r e n t  t h a t  one o f  t h e  ma jo r  c a u s e s  of  
wideband d a t a  s y s t e m s  t r o u b l e s  was a t t r i b u t a b l e  to p e r s o n n e l .  
An a n a l y s i s  o f  t h e  twenty-seven  A C E  U C R ' s  (5 /67-3 /68)  showed 
t h a t  a p p r o x i m a t e l y  56% of t h e  t r o u b l e s  c o u l d  be c l a s s i f i e d  
a s  c a u s e d  by p e r s o n n e l  ( s ee  T a b l e  111). One of  t h e  p r i n c i p a l  
c a u s e o  l i s t e d  was t h e  d l s c o n n e c t i o n  of a c i r c u i t  at one of 
t h e  nu.merous p a t c h  p a n e l s  used  t o  c o n f i g u r e  t h e  wideband c i r -  
c u i t s .  S t e p s  were s u b s e q u e n t l y  t a k e n  to r e d u c e  the  i n c i d e n c e  of 
p e r s o n n e l - c a u s e d  t r o u b l e s .  A l l  j a c k s ,  p a t c h  c o r d s  and. t e r m i n a l s  
u s e d  for ACE wideband c i r c u i t s  were co lo r -coded  and  r i g i d  
p r o c e d u r e s  i n s t i t u t e d  c o n t r o l l i n g  a c c e s s  to t h e s e  d e d i c a t e d  
c i r c u i t s  d u r i n g  Apo l lo  6 c h e c k o u t .  An a n a l y s i s  o f  the FEC TT 
s u r v e y  (1 i /67- ' - i /68)  showed t h a t  a p p r o x i m a t e l y  3 7 %  ( see  T a b l e  I 
of wideband c i r c u i t  (ACE , D D A S )  were a t t r i b u t e d  to p e r s c ; n n e l .  

Wideband equipmer;t t r o u b l e s  were found to c o n s t i t u t e  

c a t e g o r y  was t h e  c o n d i t i o n  "no troub1.e f o u n d .  Those t r o u b l e s  
d e f i n i t e l y  a s c r i b e d  to equipment; c o n s t S . t u t e d  2 2 %  o f  t h e  U C R ' s  
and 3 2 %  of t h e  TT's s u r v e y e d .  O f  t h e  U C R  t r o u b l e s  c l a s s i f i e d  as  
wideband equipment  f a u l t s ,  a p p r o x i m a t e l y  6 7 %  were c h a r a c t e r i z e d  
as  a total l a c k  o f  s i g n a l  and 23% as  w e a k - s i g n a l .  811 o f  t h e  
"no t r o u b l e  found"  c a t e g o r y  were c h a r a c t e 7 i z e d  by a l a c k  of  
s i g n a l  or t h e  p r e s e n c e  of an i n t e r m i t t e n t  s i g n a l .  ( P e r s o n n e l  
c a u s e d  t r o u b l e s  a l s o  had  87% c h a r a c t e r i z e d  by a l a c k  o f  s i g n a l ) .  
No d e t a i l e d  breakdown of equipment  t r o u b l e s  was a v a i l a b l e  f o r  
t h e  TT s u r v e y .  

of .t;hc TTCK!s 2nd 62% of the TT suy:;cy. Inc-lLuded 21; + - L <  b l i l S  

, 
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It i s  a l s o  r e c o g n i z e d  t h a t  t h e  changes  i n  p r o c e d u r e s  
and t h e  u s e  of d e d i c a t e d  c i r c u i t s  has made a marked improvement 
i n  t h e  sys t em pe r fo rmance .  The m a j o r  problems seem to be 
r e l a t e d  to human e r r o r s ,  l a c k  o f  c o n t i n u i t y  and few examples  
r e l a t e d  to t h e  t e c h n i c a l  c h a r a c t e r i s t i c s  of  t h e  t r a n s m i s s i o n  
f a c i l i t y .  

The s w i t c h i n g  of ACE wideband d e d i c a t e d  c i r c u i t s  
r e m o t e l y  from t h e  T e s t  and S w i t c h i n g  C e n t e r  i s  t h e  k i n d  o f  
f a c i l i t y  y h i c h  would r e d u c e  t h e  t i m e  to r e s t o r e  s e r v i c e .  
T h i s  assumes t h a t  p r o v i s i o n s  w i l l  b e  made to a s s u r e  t h a t  t h e  
a l t e r n a t e  c i r c u i t s  a r e  go0.d. T h e  b a s i c  d e t e c t i o n  of t h e  
e x i s t e n c e  o f  t r o u b l e  can  b e  l e f t  to t h e  u s e r .  

3 .2  Normal Main tenance  P r a c t i c e  

I n  no rma l  t e l e p h o n e  p r a c t i c e ,  c i r c u i t s  a r e  removed 
from s e r v i c e  to per fo rm t e s t s  when t r o u b l e  i s  d e t e c t e d  or 
s u s p e c t e d .  Methods of i f i - se i -v ic?  or in-band t e s t i n g  a re  n o t  
f r e q u e n t l y  u s e d .  C e r t a i n  u s e r s ,  s u c h  as t h e  t e l e v i s l o i i  
n e t w o r k s ,  do  a p p l y  s p e c i a l  test s i g n a l s .  f o r  t h e i r  OYJ? ( and  
t h e  t e l e p h o n e  company) e v a l u a t i o n s .  Where trwnlts a r e  u s e d  b y  
many c u s t o m e r s  and s w i t c h i n g  a c c e s s  ris a v a i l a b l e  t o  d . e t ec t  
c i r c u i t  a c t i v i t y  and p r o v i d e  test equipment  a c c e s s ,  measurements  
between o f f i c e s  may be  made. But a g a i n ,  t h e  t r u n k s  must be 
a c c e s s i b l e  and n o t  i n  s e r v i c e .  T h e r e  i s  no d i r e c t  p a r a l l e l  i n  
t h e  KSC communicat ion sys t em l a y o u t .  

The us?ial i n d u s t r y  p r a c t i c e  f o r  t e l e p h o n e  end 
i 11 3 t 191-1~m~ ~ - 1  t s 3. Y I  ti i, e 7 tl i y 1 j e 5 t c i- C. q~ i p  i-;iZ. i? t 3 0 f i; in C; 12 d ; ~  8 

p e r i o d i c  i n s p e c t i o n  and t e s t i n g .  However, t h e  m a j o r  s o u r c e  
of t r o u b l e  r e p o r t i n g  i s  from t h e  u s e r s  t h e m s e l v e s .  When 
t r o u b l e  i s  r e p o r t e d ,  t r a n s m i s s i o n  checks  o f  t h e  l o ~ p s  are  
needed .  O u t s i d e  of  t h e s e  a p p r o c h e s ,  t h e r e  a re  f e w  economica l  
a p p r o a c h e s  t o  checki.ng of end i n s t r u m e n t s .  The1.e appears  to 
be  no  p r a c t i c a l  method of d e t e c t i n g  problems p r i o r 2  to t h e i r  
o c c u r r e n c e .  S i m i l a r  p r a c t i c e s  a re  a p p r o p r i a t e  to t h e  
m i s c e l l a n e o u s  a d m i n i s t r a t i v e  t e l e p h o n e  and i n t e r c o m  systems a t  
KSC. T h e y  u s u a l l y  do  n o t  employ c e n t r a l  f a c i l i t i e s  and  s h o u l d  
o n l y  b e  s u b j e c t  to p e r i o d i c  pe r fo rmance  i n s p e c t i o n  and  t e s t i n g .  

The  pe r fo rmance  of the m o b i l e  r a d i o  f a c i l i t i e s  a t  KSC 
canr ,ot  e a s i l y  b e  measured f r o m  c e n t r a l  E a c i - l i t i e s .  D e t a i l e d  
u n i t  test and a l i g n m e n t  i s  a lmos t  a lways  r e q u i r e d .  The  f r e q u e n c y  
of  t e s t i n g  can  bes t  be d e t e r m i n e d  by t h e  pas t  e x p e r i e n c e  and  t h e  
c r i t i c a l i t y  of t h e  a p p l i c a t i o n s .  A c e n t r a l  m o n i t o r i n g  f a c i l i t y  
c o u l d  m o n i t o r  t h e  o p e r a t i o n a l  t r a f f i c  and  p o s s i b l e  d e t e c t  p roble ;?s  
t h r o u g h  s e r v i c e  o b s e r v a t i o n s  b u t  a g a i n  u s e r  c o m p l a i n t s  a r e  a good 
i n d l c a t i o n  of t r o u b l e  and such a c e n t r a l  m o n i t o r i n g  f a c i l i t y  
d o e s  n o t  a p p e a r  w a r r a n t e d .  
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The o t h e r  a u d i o  t r a n s m i s s i o n  s y s t e m s  a l s o  f a l l  i n t o  
t h e  c a t e g o r y  h a v i n g  a l i m i t e d  number of s t a t i o n s  which depend 
on t h e  u s e r  f o r  d e t e c t i n g  problems.  T h e  o t h e r  s p e c i a l  
a p p l i c a t i - o n s  have t h e i r  own c r i t i c a l  u s e s  whose pe r fo rmance  
i s  b e s t  d e t e r m i n e d  by t h e i r  own end e q u i p 3 e n t .  Thus ,  t h e  
01s sys t em and t h e  wideband data t r a n s m i s s i o n  c i r c u i t s  a r e  t h e  
o n l y  c a n d i d a t e s  for more e l a b o r a t e  t e s t i n g  and r e s t o r a t i o n  means.  

4 .0  01s AUDIO SYSTEM 

The 01s t r a n s m i s s i o n  parameters and sys t em c o n f i g u r a t i o n  
are  rev iewed  i n  t h i s  s e c t i o n  f o l l o w e d  by a d i s c u s s i o n  o f  i n -  

p o s s i b l e  t e s t  methods for n o i s e  m o n i t o r i n g  and s y s t e m  a l i g n m e n t  
a re  p r e s e n t e d  as p o s s i b l e  t o p i c s  for f u r t h e r  s t u d y .  

s e r v i c e  m z n i t o r i z g  2s compare:! X i t h  c t rer2l l  systern c h e c k o u t .  U V I l l b  S n m o  

4 . 1  T r a n s m i s s i o n  P a r a m e t e r s  - 
The t r a n s m i s s i o n  p a r a m e t e r s  l i s t e d  below a r e  g e n e r a l l y  

s u f f i c i e n t  to d e s c r i b e  t h e  q u a l i t y  of a v o i c e  c i r c u i t .  T h e  
v a l u e s  or l i m i t s  o f  each  parametel-  a r e  d e t e r m i n e d  p r i m a r i l y  by 
t h e  u s e  of t h e  c i r c u i t  and i t s  l e n g t h .  T r a n s m i s s j o n  o b j e c t i v e s  
must be e s t a b l i s h e d  f o r  e a c h  segment  or l i n k ,  as we11 as  f o r  
t h e  comple t e  c i r c u i t ,  to p r o v i d e  s p e c i f i c  t e s t  c r i t e r i a  f o r  
ma in tenance  p e r s o n n e l .  

The  t r a n s m i s s i o n  p a r a m e t e r s  of most srign? f i c a n c e  a r e :  

(2) Loss v s .  Frequency  

( 3 )  Noise  L e v e l  

( 4 )  C r o s s t a l k ,  and 

( 5 )  R e t u r n  Loss 

C i r c u i t  loss i s  measured w i t h  t h e  c i r c u i t  o u t  o f  
s e r v i c e  and r e q u i r e s  a c c e s s  t o  b o t h  e n d s  of t h e  c i r c u i t  to conduc t  
t h e  measurement .  A t e s t  t o n e  ( u s u a l l y  1 KHz) a t  a s p e c i f i e d  
l e v e l  i s  a p p l i e d  a t  one e n d ,  and  t h e  t e s t  t o n e  l e v e l  i s  
measured  a t  t h e  o t h e r  end .  Each s e c t i o n  of t h e  c i r c u i t  can  be 
measured s e p a r a t e l y ,  or an end-to-end measurement  can  b e  made. 

Loss v e r s u s  f r e q u e n c y  ( f r e q u e n c y  r e s p o n s e )  i s  g e n e r a l l y  
made w i t h  t h e  c i - r c u i t  l o s s  measurement s i n c e  t h e  loss at e a c h  
f r e q u e n c y  i s  r e f e r r e d  t o  t h e  l o s s  a t  1 KHz, and t h e  t e s t  con- 
f i g u r a t i o n  i s  t.he same. 
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No i se  tests can  g e n e r a l l y  be  made a t  any v o i c e  l e v e l  
p o i n t  i n  t h e  c i r c u i t ,  and r e q u i r e s  o n l y  a sing1.e p i e c e  of t e s t  
equ ipmen t .  The  measured n o i s e  must b e  r e f e r r e d  to a common 
t e s t  p o i n t  c a l l e d  t h e  z e r o  t r a n s m i s s i o n  l e v e l  p o i n t .  The  t e s t  
can  b e  made a t  any t i m e  a s  l ong  a s  no one i s  ta lk i r ia  on t h e  
c i r c u i t .  However, to d e t e r m i n e  t h e  n o i s e  c o n t r i b u t i o n  o f  t h e  
t r a n s m i s s i o n  f a c i l i t y ,  t h e  t e r m i n a l  equipment  s h o u l d  be d i s -  
c o n n e c t e d  or i s o l a t e d .  

R e t u r n  Loss  measurements  a r e  made a t  e a c h  end o f  t h e  
c i r c u i t ,  w i t h  t h e  o p p o s i t e  end t e r m i n a t e d ,  to measure  t h e  cumu- 
l a t i v e  e f f e c t  o f  a l l  r e f l e c t i o n  p o i n t s .  A s i n g l e  s e c t i o n  o f  
t h e  comple t e  c i r c u i t  can  b e  measured ,  b u t  t h e  rrieasurement 
must be  r e f e r r e d  to a common t r a n s m i s s i o n  l e v e l  p o i n t .  Use of  
a v o i c e  bandwidth  n o i s e  s i g n a l  i s  u s u a l l y  p r e f e r r e d  f o r  t h i s  
measurement .  

C r o s s t a l k  measurements  a r e  made on t h e  u s e r s  l o o p  
and r e q u i r e s  t h e  a p p l i c a t i o n  o f  t e s t  s i g n a l  ( t o n e  o r  v o i c e  
s i g n a l )  t o  a l l  o t h e r  c i r c u i t s .  A c o n p r e h e n s i v e  t e s t  i s  
d i f f i c u l t  to e s t a b l i s h  p a r t i c u l a r l y  on . long-haul  c i r c u f t s  
b e c a u s e  t h e  i n t e r f e r e n c e  could  o c c u r  anywhere i n  t h e  c i r c u i t ,  
and a l l  c i r c u i t s  which cou ld  possr ib ly  c a u s e  t h e  t r o u b l e  may n o t  
be a c c e s s i b l e  a t  a s i n g l e  p o i n t .  Because o f  t h e  amount o f  
s e r v i c e  i n t e r r u p t i o n ,  this t e s t  more l i k e l y  would be  per formed 
as a f a u l t  l o c a t i n g  p r o c e d u r e ,  r a . t h e r  t h a n  f a u l t  d e t e c t i o n .  

4 . 2  01s System C o n f i g u r a t i o n  a t  K S C  ________ 

?,IS 1- .--.--,- -. n m -  hl-. fmni i + <  0- 
L 1.d.i 1 S l l 1 . L  3 3 L "I I I a. L, .L. 1 I CI I L u L? s ed. t G i r1i. er c onn e c t 

t h e  ma jo r  KSC f a c i l i t i e s  are a c c e s s i b l e  a t  t h e  Comiwnica t ions  
D i s t r i b u t i o n  and S x i t c h i n g  Cen te r  (CDSC) . The Launch Complexes 
and  s u p p o r t  a r e a s  each  have t h e i r  own t e s t  a r e a  where a c c e s s  
t o  t h e  t r a n s m i s s i o n  f a c i l i t i e s  i s  p o s s i b l e ,  and where t h e  
t e r m i n a l  equipment  can  be i s o l a t e d .  C i r c u i t s  to s a t e l l i t e  
b u i l d i n g s  such  as t h e  Automatic  Ground Checkout System (AGCS) 
c a n n o t  b e  t e s t e d  from t h e  CDSC, b u t  must  be t e s t e d  f rom t h e i r  
main f a c i l i t y .  

At p r e s e n t ,  t h e  ma jo r  01s c h a n n e l s  a re  r o u t e d  t o  t h e  
CDSC on c a b l e  p a 4 r s .  Present p l a n s  c a l l  f o r  t h e  u s e  of  c a r r i e r  
equipment  f o r  some l i n k s ,  b u t  t h i s  change would have l i t t l e  
e f f e c t  on any t e s t  program s i n c e  t h i s  w i l l  be similar to t h e  
p r o c e s s i n g  of t h e  OIS RP System. 

4 . 3  I n - S e r v i c e  Non i top ing  - and  ______ T e s t i n g  - 

A n o i s e  measurement i s  the o n l y  t e s t  which can  be  
e a s i l y  made on a v o i c e  c i r c u i t  w i t h o u t  removing i.t f rom 
s e r v i c e .  I n  t h i s  s i t u a t i o n ,  t h e  measured noi-se  w i l l  c o n t a i n  
C o n t r i b u t i o n s  from t h e  t e r m i n a l  equlinrnent a.s w e l l  as  t h e  t r a n s -  
mj . ss ion  f a c i l i t i e s .  T h e r e  i s  no s i m p l e  way to monitoi-  t h e  
v o i c e  t r a n s w i s s i o n  and a r r i v e  at q u a n t i t a t i v e  v a l u e s  for c i r -  
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c u i t  l o s s ,  c r o s s t z l k  or any o t h e r  p a r a m e t e r .  Measurements o f  
t h e s e  p a r a m e t e r s  a re  no.rmal.ly done w i t h  t h e  c i r c u i t  removed 
from s e r v i c e .  

To t e s t  a u t o m a t i c a l l y  d u r i n g  a b r i e f  q u i e s c e n t  
p e r i o d  r e q u i r e s  some method o f  i n d i c a t i n g  t h a t  a c i r c u i t  i s  
i d l e ,  and a method o f  d i s c o n n e c t i n g  t h e  t e r m i n a l  equipment  
to p r e v e n t  i n t e r f e r e n c e  w i t h  t h e  t e s t  and to connec t  t h e  
a p p r o p r i a t e  t e s t  equipment  o r  t e r m i n a t i o n s .  T h e  01s equipment  
d o e s  n o t  p r o v i d e  a busy  i n d i c a t i o n .  A v o i c e  o p e r a t e d  d e v i c e  
c o u l d  b e  used  f o r  t h i s  p u r p o s e ,  b u t  i t  c o u l d  n o t  d e t e r m i n e  
whether  a c i r c u i t  was i d l e ,  o r  w h e t h e r  t h e r e  was a pause  i n  
a c o n v e r s a t i o n .  A n o i s e  t e s t  made d u r i n g  such  a p a u s e  c o u l d  

c o n n e c t e d ,  w h i l e  a l e v e l  measurement would c a u s e  t h e  01s u s e r s  
t o  b e  momentar i ly  d i s c o n n e c t e d .  

'"e ~ , ~ ~ ~ ~ ~ ~ , f I I g  i.i~,-,~,~ i ~ o $ s e ,  assu;n;r,g t h a t  + & -  n T @  - 7 - m  m n +  A i  c- - b l l L  V I U  , IUU L l V W  U I U  

It i s  h i g h l y  improbable  t h a t  t h e  u s e r s  would approve  
of any t e s t  a r r a n g e m e n t s  whereby t h e y  c o u l d  b e  d i s c o n n e c t e d  
f r o n  t h e  s y s t e m ,  no m z t t e r  how s h o r t  t h e  t i m e ,  p a r t i c u l a r l y  
d u r i n g  c r i t i c a l  p o r t l o n s  o f  t h e  l a u n c h  s y s t e m  checkou t  arid 
t h e  l aunch  c o u n t .  T h i s  approach  would be more a p p l l c a b l e  to 
a checkou t  o f  t h e  01s system j u - s t  p r i o r  t o  C D D T ,  FRT and t h e  
l a u n c h  c o u n t .  Dur ing  t h e s e  p e r i o d s ,  o n l y  an  in--servri  c e  mon i to r -  
i n g  c a p a b i l i t y  a p p e a r s  f e a s i b l e ,  and the o n l y  t e s t  which l e n d s  
itself to t h i s  a p p l i c a t i o n  i s  n o i s e  measurement .  

4 . 4  System Checkout 

A -  -,-.+-A ; m  f h o  p y e c e r l ? . ~ g  p~.y.?cryrnl-: t!-!nsi. i:.nst:~ i , , ~ ~ ~ ~ c h .  
--c> --i-' ' 3 I - L d  , i ""LU i i i  W i i ' -  

c a u s e  a s e r v i c e  i n t e r r u p t i o n  l e n d  t h e m s e l v e s  more t o  s y s t e m  
checkou t  r a t h e r  t h a n  o p e r a t i o n a l  m o n i t o r j h g  . Such a checl-rout 
would b e  conduc ted  p r i o r  to t h e  start o f  a majoi- t e s t ,  or a 
s e r i e s  of  t e s t s ,  and would supplement  or be  a p a r t  o f  t h e  c i r c u i t  
v a l i d a t i o n  p r o c e d u r e s  p r e s e n t l y  i n  use. 

P r i o r  to a m a j o r  t e s t ,  c i r c u i t s  must be c o n f i g u r e d  to 
s u p p o r t  a p a r t i c u l a r  Launch Complex, r e q u i r i n g  t h a t  many of  
t h e  c i r c u i t s  b e  r e a l i g n e d .  I Jn less  enough t r a n s m i s s i o n  f a c i l i t i e s  
a re  p r o v i d e d  t o  s i m u l t a n e o u s l y  s u p p o r t  all p o s s i b l e  c o n f i g u r a t i o n s ,  
t h i s  e f f o r t  canno t  be avo ided .  T h e r e f o r e ,  i f  any automatric 
checkou t  equipment  were i n s t a l l e d  , it  would o n l y  r e l i e v e  p a r t  
of t h e  c i r c u i t  t e s t  e f f o r t .  

Automat ic  v o i c e  c j r c u i  t checkou t  i s  c o m p l i c a t e d  by 
t h e  c o n d i t i o n  t h a t  b o t h  ends  must b e  s i m u l t a n e o u s l y  t e r m i n a t e d  
i n  t e s t  equ ipmen t .  T h i s  i s  accompl i shed  i n  t e l e p h o n e  sys t ems  
by  d i a l i n g  up a t e s t  c i r c u i t  a t  t h e  f a r  end of  a t r u n k  c i r c u i t .  
T h i s  t e s t  c i r c u i t  p e r f o r n s  r e l a t i v e l y  s i m p l e  f u n c t i o n s  such  a s  
t r a n s m i t t i n g  a t e s t  t o n e .  The main c o n t r o l  f u n c t i o n  and t e s t  
f u n c t i o n s  are i n  the t e s t  equipment at t h e  n e a r  end o f  t h e  trun!c. 
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I n  t h i s  c a s e ,  t h e  C e n t r a l  O f f i c e  s w i t c h i n g  e q u i p x e n t  i s  used  to 
g a i n  a c c e s s  to b o t h  e n d s  of t h e  t r u n k .  bihere no s w i t c h i n g  e q u i p -  
ment e x i s t s ,  i t ' m u s t  be p r o v i d e d  to c o n n e c t  t e s t  i n s t r u m e n t a t i o n  
to t h e  c i r c u i t  u n d e r  t e s t .  

5.0 LIKELY CANDIDATES FOR 01s TESTING 

5 . 1  I n - S e r v i c e  Moni to r ing  

When c i r c u i t s  a r e  i n  u - s e ,  and canno t  be removed f rom 
s e r v i c e ,  t h e  o n l y  measurement which t lppears  p r a c t i c a l  a r e  
n o i s e  1evel .s .  The f o l l o w i n g  methods s h o u l d  b e  i n v e s t i g a t e d :  

( a )  F u l l  t i m e  u s e  of n o i s e  d e t e c t o r s  a t  c r i t i c a l  porints  
i n  t h e  c i r c u i t  t o  d e t e c t  t h e  p r e s e n c e  o f  n o i s e .  The 
t h r e s h o l d  o f  t h e  d e t e c t o r s  c a n  be s e t  to any d e s i r e d  
l e v e l .  When t h i s  l e v e l  i s  exceeded ,  t h e  d e t e c t o r  can  
c a u s e  a n  alarm lamp to l i g h t  and a n  a u d i b l e  alarm to 
sound.  

By c o n n e c t i n g  t h e  d e t e c t o r s  to s e v e r a l  p o i n t s  i n  
an 01s c i r c u i t  s u c h  as t h e  i n p u t  l e g  of a bi-idge and 
o t h e r  b r a n c h i n g  p o i n t s ,  t h e  s o u r c e  o f  t h e  n o i s e  c o u l d  
be 1oca l . i zed  w i t h o u t  d i s t u r b i n g  t h e  c i r c u - i t .  The 
v i s u a l  si-gnal.  f rom each  d e t e c t o r  c o u l d  be b r o u g h t  t o  
t h e  n e a r e s t  ma in tenance  a rea ,  or remoted  t o  a, common 
drisplay a r e a  i n  t h e  C D S C .  R c l e a r  i d e n t i f i c a ~ t i o n  o f  
t h e  c i r c u i t  p o i n t s  he jng  m o n i t o r e d  wou1.d be needed for 
a q u i c k  a ~ ~ ~ ~ ~ i s i s  (.i 7 :,lie i-i"?.Se sfi'ji-cc. 

Western  E l e c t r i c  t y p e  J l G O 1 2 Y M  and YN a r e  
examples  of  n o i s e  m o n i t o r i n g  d e v i c e s .  

( b )  Use of a Noi se  Iyeasurine; S e t  (XNS) d u r i n s  
p e r i o d s  when no c o n v e r s a t i o n s  a re  on t h e  c h a n n e l .  The 
N M S  would p r o v i d e  a q u a n t i t a t i v e  measurement of t h e  n o i s e  
l e v e l .  

Automat ic  measurements  r e q u i r e  a c a p a b i l i t y  to 
s e q u e n t i a l l y  s e l e c t  a c h a n n e l ,  c o n n e c t  t h e  m e t e r  to t h e  
c h a n n e l ,  d i s c r i m i n a t e  be txeen  v o i c e  and n o i s e  ~ and r e c o r d  t h e  
n o i s e  measurement .  

Manual measurements would b e  f a c i l i t a t e d  by a t e s t  
c i r c u i t  a r r angemen t  i n  which t h e  c i r c u i t  t e s t  p o i n t s  appeared. 
at a s i n g l e  s e t  of j a c k s  or s w i t c h e s  for r a p i d  c o n n e c t i o n  to 
t h e  NMS. An a u d i b l e  m o n i t o r i n g  c a p a b i l i t y  would be r e q u i r e d .  

: i  
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5 . 2  System Checkout 
_c_-- 

System Checkou-t i s  n o r m a l l y  done p r i o r  to a 
m a j o r  test, i s  g e n e r a l l y  less c o n s t r a i n e d  by o p e r a t i o n a l  
r e q u i r e m e n t s ,  and p e r m i t s  rernoval o f  f a c i l i t i e s  f rom 
s e r v i c e .  P a r a m e t e r s  which a r e  p r a c t i c a l  to measure  a r e  
c i r c u i t  n e t  l o s s ,  loss v s .  f r e q u e n c y ,  n o i s e  and r e t u r n  loss. 
The f r e q u e n c y  o f  e a c h  t y p e  of t e s t  c a n  be d e t e r m i n e d  b y  
o p e r a t i o n a l  e x p e r i e n c e .  

The f o l l o w i n g  a r e a s  s h o u l d  be i n v e s t i g a t e d :  

1. T e s t  Equipment -. ( a . )  I n t e g r a t e d  T e s t  Bays ,  mob i l e  o r  
f i x e d ,  which c o n t a i n  a i i  i e s i  equipr r le r l i  rleedecri i'ui? a 
comple t e  c h e c k o u t .  Use of  p a t c h  c o r d s ,  t e s t  l eads  e t c .  
s h o u l d  be  minimized by  p r o v i s i o n  o f  a c o n t r o l  p a n e l  
t o  e s t a b l i s h  t h e  t e s t  c o n f i g u r a t i o n  w i t h  s w i t c h e s .  

( b )  T e s t  c i r c u i t s  l o c a t z e d  i n  r emote  f a c i l i t i e s  such  as 
t h e  Launch Complexes,  Pads ,  1IISOB and CIF which coulci 
be c o n n e c t e d  t o  a s e l e c t e d .  OIS cha:inel u n d e r  c o n t r o l  of 
t h e  CDSC. The t e s t  c i r c u i t s  c o u l d  be a r r a n g e d  to t r a n s m i t  
t e s t  t o n e s  a t  d i s c r e t e  f r e q u e n c i e s ,  t o  measure a r e c e i v e d  
t e s t  t o n e  l e v e l ,  and to i n d - i c a t e  to the CDSC t h e  v a l u e  of  
t h e  r ece ive t i  l e v e l .  T h i s  arJi-angcment would r e q u i r e  a 
c o n t r o l  u n i t  a t  the CDSC and a l i n e  s e l e c t i n g  u n i t  a t  t he  
remote  test a r e a  wTth a p p r o p r i a t e  t o n e  g e n e r a t o r s ,  m e t e r s  
and s j  g n a l i n g  equipment .  The c i r c u i t  would p e r m i t  one 
man t o  pe:rfo,r>m e n d  to end t e s t s  fox? s y s t e m  checkou t  o r  

l o c a t i o n s  which a r e  n o t  manned a t  a l l  t i m e s ,  and which 
would o t h e r w i s e  r e q u i r e  a t e c h n i c i a n  to .go to t h e  remote  
l o c a t i o n  to a s s i s t  i n  a t e s t .  

- s^a,jli-, ; ( ) ( : a ~ { , ; ( ) l * *  zi; - - - - - - l A  w u u J i i  L -  ijL' i , ' L L . b J - L t i ~ , & ~ ~ ~ y  -----&.!  - 1 -  - 3 3 :  3 U i b i U  +?,A 1 P A -  ii, 

( e )  T e c h n i c a l  C o n t r o l  f a c i l i t y  'Athich v:ould p r o v i d e  
a c c e s s  to t h e  c r i t i c a l  p o i n t s  o f  e a c h  c i r c u i t  for t e s t .  
It s h o u l d  p r o v i d e  t h e  c a p a b i l i t y  to q u i c k l y  i s o l a t e  
p o r t i o n s  of a c i r c u i t ,  t o  p a t c h  or' s w i t c h  o u t  d e f e c t i v e  
equ ipmep t ,  and t o  p a t c h  or s w i t c h  i n  s p a r e  equipment  
( a m p l i f j e r s ,  c a b l e  p a l r s  e t c . )  f o r  r a p i d  c i r c u i t  r e s t o r a l  

2 .  T e s t  ~- F a c i l i t i e s  - ( a )  I n f o r m a t i o n  r e t r i e v a l  sys tem f o r  
o b t a i n i n g  c i r c u i t  1ayou.t i n f o r m a t i o n  a t  t h e  a p p r o p r i a t e  
t e s t  c e n t e r s  o r  t e s t  l o c a t i o n s .  
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( b )  An O r d e r  Vire for u s e  b y  m a i n t e n a n c e  p e r s o n n e l  i s  
v e r y  d e s i r a b l e  and s h o u l d  be s e p a r a t e  fror,! t h e  e x i s t i n g  
t r o u b l e  r e p o r t i n g  01s c h a n n e l .  The m a i n t e n a n c e  order w i r e  s h o u l d  
t e r r r i n a t e  at a l l  t e s t  l o c a t i o n s ,  e q u i p z e n t  b a y s ,  d i s t r i b u t i n z  
f r a m e s  and  o t h e r  l o c a t i o n s  where m a i n t e n a n c e  f u n c t i o n s  would 
be c a r r i e d  out. 

( c )  S i m p l i f i c a t i o n  of equipment  a r r a n g e m e n t s  to reciuce 
t h e  number o f  b r i d g e s  i n  u s e  s h o u l d  be c o n s i d e r e d  as well  as 
t h e  u s e  o f  a low Z b u s  for b r i d g e  p o i n t s .  T h i s  would r e d u c e  
the number of f a . i l u r e  p o i n t s ,  and  f a c i l i t a t e  c i r c u i t  r e s t o r a l  
o v e r  s p a r e  f a c i l i t i e s .  

(d) P r o v i s i o n  01’ s p a r e  equ ipmen t  p r e - c o n f i g u r e d  arld 
a l i g n e d  f o r  back-up o f  c r i t i c a l  01s c h a n n e l s  and  s t a t u s  
i n d i c a t i o n  o f  s p a r e  f a c i l i t i e s  such  as c a b l e  p a i r s  and  
c a r r i e r  c h a n n e l s  shou-ld b e  c o n s i d e r e d .  T e s t  t o n e s  a n d  t e s t  
equipment  c o u l d  b e  u s e d  t o  c o n t i n u o u s l y  m o n i t o r  t h e  s p a r e s .  

5 . 3  - OIS-RP System 

The m o n i t o p i n g  a n d  c h e c k o u t  c o n s t r a i n t s  d i s c u s s e d  
for t h e  OIS ( a u d i o )  s y s t e m ,  also apply to t h e  O I S : / F F ) .  An 
a d d i t i o n a l  c o n s i d e r a t i o n  i n  t h e  OIS(RF)  s y s t e m  i s  t h a t  t h e  
only p o i n t s  a t  which a u d i o  a p p e a r s  a r e  t h e  end i n s t r u m e n t s ,  and 
a t  t h e  c h a n n e l  modems w1lei-e a u d i o  l i n e s  i n t e r f a c e .  

C o n s i d e r a - t l o n  shou ld  be  g i v e n  to t h e  use of  m o d i f i e d  
s t a t i o n  u n i t s  f o r  s y s t e m  n?onitorinC; and  c . h e c k n u t .  T h e  un: i - t s  

and  p o s s i b l e  a u t o i n a t i o n  of s e q u e n t i a l  channe l .  s e 1 - e c t i o n  . The 
modifi.ed. s t a t i o n s  would b e  l o c a t e d  a t  t h e  C D S C  and o t h e r  
c e n t r a l i z e d  t e s t  a y e a s ,  and w o ~ i l d  b e  used .  i n  c o n j u n c t i o n  wi.th 
t e s t  equ ipmen t  and. f a c i l i t i e s  d i s c u s s e d  € o r  t h e  OIS-A s y s t e m .  
The e x i s t i n g  4 KHz p i l o t  could. b e  mon i to red  a t  t h e  CDSC as  
w e l l  as a t  t h e  L o c a l  Communication Ayeas (LCA). 

~.in?l vv w w 7 1. r7 u bc  m n d - i  ,,,” u I I ~ \ - u  i’i clrd ~ I m p l - l f ~ ~  ~ ~ ~ z l ~ ~ ~ ~ ~ : ~ ~ ~ i ~ i ~ ~ ~  i - , ~  : ~ , ( ’ s ; ,  ~ 7 i j < ; j . j . ~ j , j . ~ ~  

The wideband p o r t i o n  o f  t h e  O I S ( R F )  s y s t e m  t h a t  u s e s  
t h e  wideband f a c i l i t i e s  would b e  checked  o u t  i n  a c c o r d a n c e  w i t h  
t h e i r  p r o c e d u r e s .  

6 . 0  DESCRIPTION OF WIDEBAND FACILITIES 

The wideband t r a n s m i s s i o n  f a c i l i t i e s  a t  KSC a re  used  
for t r a n s m i s s i o n  of i n f o r m a t i  on r e q u i r i n g  a l a r g e  bandwid th  
( u p  to 4 . 5  F’IHz). T h e  v ideband t r a n s m i s s i o n  s y s t e m  c o n s i s t s  
of c a b l e  p a i r s  (16 gauge  , p o l y c t h c l y e n c  v i n y l  i n s u l a t i o n ,  
s h i e l d e d ) .  The c i r c u i t s  r e q u i r e  t h e  use o r  arripli f i  c a t i  on 
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and/or. e q u a l i z a t i o n  u n i t s  t o  a c c o m p l i s h  t h e  t r a n s m i s s i o n  
f u n c t i o n  a s s j g n e d .  P4os.t o f  t h e  a m p l i f i c a t i o n  equipment  u s e d  
c o n s i s t s  o f  Western  E l e c t r i c  A2-A R e p e a t e r  and G e n e r a l  E l e c t r i c  
T r a n s i s t o r  Cable Amplif l ier  equ ipmen t .  

The KSC s y s t e m  r e q u i r * i n g  t h e  use of  wideband 
t r a j ? s m i s s i o n  f a c i l i t i e s  w i t h  a m p l i f i c a t i o n  and  e q u a l i z a t i o n  
a re  as f o l l o w s :  

1. Automat i c  Checkout  Equipment  (ACE) 

2 .  D i g i t a l .  Data A c q u i s i t i o n  Sys tem (DDAS) 

3 .  S a t u r n  Launcn Computer Cornpiex (SiCCj (oil ,  ZCA-llG 
Computer Sys tem)  

4 .  O p e r a t i o n a l  T e l e v i s i o n  Sys tem ( O W )  

5 .  O p e r a t i o n a l  I n t e r c o m m u n i c a t i o n s  Sys tem (01s) 

The p l a n n e d  T e s t  and S w i t c h i n g  C e n t e r  (TSC) 
i n s t a l l a t i o n  w i t h i n  the Communication Data a n d  Swi tc l -~ ing  
C e n t e r  (CDSC) a i  K S C  h a s  p r o v i s i o n s  f o r  p o s i t i o n s  t o  control, 
e v a l u a t e  p e r f o r m a n c e  and  c o o r d i n a t e  m a i n t e n a n c e  a c t i v i t i e s  
f o r  t h e  wideband t r a n s m i s s i o n  f a c i l i t i e s .  

T h i s  d i s c u s s i o n  c o v e r s  u s e  o f  t h e  widebznd f a c i l i t i e s  
f o r  t e l e v i s i o n  and  t h e n  d a t a  m o n i t o r i n g  c o n c l u d i n g  x i t h  3 
r c c o m x n d e d  m o n i t o r  method foi-  f u r t h e r  s t u d y .  

6.1. O p e r a t i o n a l  T e l e v i s i o n  M o n i t o r i n g  

Because o f  the v i s u a l  i n f o r m a t i o n  c o n t e n t  and t h e  
s t a n d a r d  f o r m a t  o f  t h e  OTV d i s p l a y  ( 5 2 5  l i n e s  p e r  frame, 6 0  
ha . l f - f r ames  p e r  s e c o n d )  it i s  q u i t e  e a s y  to m o n i t o r  a n d  
e v a l u a t e  a t e l e v i s i o n  c i r c u i t .  I n  a d d i t i o n ,  b e c a u s e  o f  t h e  
u s e  o f  a ce ; i t r a l -  s y n c h r o n i z a t i o n  g e n e r a t o r ,  i t  i s  p o s s i b l e  to 
i n s e r t  c i r c u i t - q u a l i t y  test s i g n a l s  into t h e  t e l e v i s j . o n  v i d e o  
s i g n a l  d u r i n g  t h e  v e r t i c a l  r e t y a c e  i n t e r v a l .  These  test 
s i g n a l s  can  c o n s i s t  o f :  

1. A s i n e - s q u a r e d  s_i.gnal 

2 .  A m u l t i - b u r s t  s i g n a l  c o n t a i n i - n g  s h o r t ,  bursts of 
d i f f e r e n t .  f r e q u e n c i e s ,  

3.  A s t a i r - c a , s e  s i g n a l .  
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These  t e c h n i q u e s  a r e  c u r r e n t l y  u s e d  by commerc ia l  t e l e v i s i o n  
ne tvo r ' k s  to c v a l u a t e  t r a n s m i s s i o n  q u a l i t y .  The ne twork  
a p p l i c a t i o n  i s  q u i t e  d i f f e r e n t  than that a t  KSC b e c a u s e  t h e  
n e t w o r k s  a r e  coun t ry -wide  and u s e  numerous l i n k s  o f  equipment  
i n  a s e r i e s  s o  t h z t  t h e  c u m u l a t i v e  e f f e c t s  o f  small v a r i a t i o n s  
c a n  become s i g n i f i c a n t .  

An a n t i c i p a t e d  d i f f i c u l t y  would be  obta;.fiiDg a c c e s s  
t o  a l l  o f  t h e  d i f f e y e n t  OTV c i i - c u i t s  f rom one cen t i - a1  l o c a t i o n  
i n  t h e  TSC. S i n c e  t h e  KSC a p p l i c a t i o n  o f  TV t r a . n s m i s s i o n  i s  
i n  g e n e r a l  q u i t e  l i m i t e d ,  t h e  u s e  o f  s p e c i a l  t e s t  s i g n a l s  as 
u s e d  by t h e  commerc ia l  ne tworks  d o e s  n o t  a p p e a r  w a r r a n t e d .  
M o n i t o r i n g  b y  t h e  end  i n s t r u m e n t s  u s e r  would a p p e a r  t o  be  
a d e q u a t e .  

6 . 2  Wideband. Data C l r c u i t  M o n i t o r i n g  

I n  o r d e r  to provrid-e p r o p e r  t r a n s m i - s s i o n  s e r v i c e  to 
wideband dZ>a c i r c u i t  u s e r s  it i s  n e c e s s a r y  to i n s t i t u t e  
some means of' m o n i t o r i n g  c i r c u i t  p e r f o r m a n c e .  I f  p o s s i ~ b l e ,  
t h i s  m o n i t o r i n g  f u . n c t i o n  shou.ld b e  p e r f o r m e d  on a n o n - i n t e r -  
f e r e n c e  basis. I n  a d d i t i - o n .  s n a r e  c i r c u r i t s  s h o u l d  be  m a i n t a l n e d  
at a n  o p e r a t i n g  per>formance ].eve1 a n d  be  cont . inu.ously a v a i l a b l e  s o  
t h a t  t h e y  may be  u-sed t c ,  r e s t o y e  s e r v i c e  w i t h  t h e  l e a s t  
p o s s i b l e  d e l a y .  Because  o f  t h e  v a r i e t y  of  c u s t o m e r  eq i i ipments  
u s i n g  t h e  wideband data  c i r c u i t s ,  t h e  s i g n a l s  C a r r i C d  b y  t h e  
c i r c u i t s  v a r y  i n  d a t a  f o r m a t ,  d.ata r a t e  a,nd s i g n a l  wa-dcform. 
T'he t r a n s m i s s l o n  r e y u l r c m e n t s  o f  t h i s  va:rie-i;y of  s i g n a l s  ; t ~ e  riiet 
by t h e  v::!id.;band d a t s  c i r c u i t s  ; h n w t t v e r ,  the nc?.tture nC some of 

c u s t orne r e qu i p n  e n t t o t r a.n s m i  s s i on d 3. s t o 1 - d  t i or1 re q u. 5 1- e t he 
o p e r a t i o n  of some of' t h e  wideband f a . c i1 r i t : i . e~  i n  a n o n - s t a n d a r d  
c o n f i g u r a t i o n .  T h i s  precl.ucies a r e a d y  a v a l l a b i l i t y  of  a 
" s t a n d a r d "  c i r c u r i t  and  n e c e s s i t a t e s  t h e  d e d i c a t i o n  o f  wideband 
f a c i l i t i e s  to t h e  s u p p o r t  of s p e c i f i c  t y p e s  o f  s i f p a l s .  

. .  i:.f!e s i r r i s  7 c: n n r i  i b c  r ' i r . r v r - ~ e I : ~  of s t 3 i - i ~ : ~  i:,fL-jIfLf,v of so~n ,~  of t1-1~: u- - -- o--.-- ..' - * - -  

The wideband d?.ta circuit ne twork  s e r v e s  a number o f  
c u s t o m e r s  i n  a number o f  d i f f e r e n t  p h y s i c a l  l o c a t i o n s .  Most o f  
t h e  wTdeband. d a t a  c i r c u i t s  pass  t h r o u g h  the Communicat ions l>:is- 
t r i b u t i o r i  and  Swritcliing Cen te r  ( C D & S C )  where t h e  TSC i.s l o c a t e d ,  
b u t  a s i g n i f i c a n t  number of c i r c u i t s  do n o t .  T h i s  latter p o i n t  
serv-?s to c o m p l i c a t e  t h e  problem o f  c i r c u i t  a c c e s s  for 
m o n i t o r i n g  p u r p o s e s ,  and  may  n e c e s s i t a t e  t h e  u s e  o f  a r emote  
m o n i t o r i n g  s y s t e m .  

T h e r e  arc s e v e r a l  t y p e s  o f  m o n i t o r i n g  methods  which  
c o u l d  b e  u s e d ,  as f o l l o w s :  
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1. 

2, 

3 .  

4, 

The "ACE S p a c e c r a f t  \I5 deband T r a n s m i s s i o n  System 
S t u d y , "  by  the Wood-Ivey Systems C o r p o r a t i o n ,  
d a t e d  November 2 9 ,  1967, p r e s e n t s  t h r e e  r f o n i t o r i n g  
c o n c e p t s  as I"01lo~:s:  

a .  

b .  

C .  

The f i r s t  concept  c o n s i s t s  o f  p a s s i v e  
m o n i t o r i n g  of each  c i r c u i t  by means of 
high-impedance t a p s .  T h i s  concep t  i m p l i e s  
t h e  c a p a b i l i t y  of  d e r i v i n g  measurements  o f  
c i r c u i t  q u a l i t y  f rom t h e  c u s t o m e r ' s  s i g n a l .  

The second  concep t  c o n s i s t s  of t i m e - s h a r i n g  
of t h e  c i r c u i t  w i t h  t h e  c u s t o m e r .  A t e s t  
sIgna.1 i s  i n s e r t e d  oil t h e  c i r c u i t s  at one end 
and a r e c e i v e r / a n a l y z e r  i s  c o n n e c t e d  a t  t h e  
o t h e r .  C i r c u i t  q v a l i t y  i n f o r m a t i o n  i s  d e r i v e d  
f rom t h e  o u t p u t  o f  t h e  a n a l y z e r .  

The t h i r d  concept  i s  e s s e n t l a l l y  t h e  same as 
t h e  second  e x c e p t  t h a t  2 c a l i b r a t e d  return- 
c i r c u i t  i s  used t o  r e t u r n .  t h e  t e s t  s i g n a l  
f rom t h e  f a r - end  of t h e  c i r c u i t ,  t h e x b y  
e: .mbling t h e  t e s t  s i g n a l  g e n e r a t o r  and r e c e i v e r /  
a n a l y z e r  t o  be e o - l o c a t e d .  

The c u s t o m e r ' s  s i g n a l  may not occupy t h e  e n t i r e  
bandwidth  of  t h e  wideband d a t a  c i r c u i t s ,  T h i s  
would a l l o w  a coinmimications cii-curi.t t e s t  s igna.1~ t o  be 
i n s e r t e d  i n  t h a t  p o r t i o n  oi' t h e  band n o t  ~1se-d by 

t i o n  on a n o n - i n t e r f e r e n c e  b a s i s  w h i l e  i t  xas i n  
a c t i v e  u s e .  

tjhp ccstnr? ,cr  a r l j  i/,~nid.lj perr!mt. c i r c 9 j - L  ~ ~ 2 3  2 ET: exjaiida- 

The c u s t o m e r ' s  end i n s t r u m e n t s  s h o u l d  be examined 
to d e t e r m i n e  i f  some form o f  communicat ions c i r c u i t -  . 
t e s t  f u n c t i o n  could  b e  i n c o r p o r a t e d  i n  them. T h i s  
t e s t  f u n c t i o n  could  be b y  e i t h e r  hardware  or s o f t w a r e  
means; and  shou ld  be g a t e d  by  t h e  cus tomer  equipment  
to p e r m i t  c i r c u i t  t e s t  on a n o n - i n t e r f e r e n c e  b a s i s .  

Normally e a c h  o f  t h e  c u s t o m e r ' s  e q u i p x e n t  s y s t e m s  
c o n t a i n s  some form of e r r o r - d e t e c t i o n  c i r c u i t r y  
to t e s t  f o r  t h e  p r o p e r  exchange  of i n f o r m a t i o n  
between hlis t e r m i n a l  equ ipmen t s .  It s h o u l d  be 
p o s s i b l e  t o  u s e  t h e  e r r o r - r a t e  as a measure of t h e  
q u a l i t y  o f  t h e  c u s t o m e r / t r a n s m i s s i o n - s ~ s t e n l  
conf  i g u - r a t i o n  which would s e r v e  to a l e r t  
p e r s o n n e l  t c  t h e  e x i s t e n c e  o f  p o s s i b l e  communicat ions 
t r o u b l e .  Addli t ional  s t e p s  would have t o  b e  t a k e n  t o  
i s o l a t e  t h e  t r o u b l e  t o  e i t h e r  t h e  cus to r r e r  equipment  
o r  t h e  commumications s y s t e m .  
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A n a l y s i s  of t h e  TT's and U C E l ' s  h a s  shown t h a t  t h e  
great ma.J o r i t y  o f  videbar-id d a t a  c i r c u - i t  t r o u b l e  symptoms were 
a loss of' s igna .1 ,  and t h a t  the  r e m a i n d e r  of' t h e  t roub1.e  
sy;nptoms were  of  a r e l a t i v e l y  u n s o p h i s t i c a t e d  n a t u r e .  Customer 
p e r s o n n e l  were q u i c k  to r e c o g n i z e  o p e F a t i o n  a n o m a l i e s  and 
were  r e a d i l y  a b l e  to i s o l a t e  t h e  p r o b a b l e  c a u s e  t o  e i t h e r  t h e  
c u s t o m e r  equipment  or t h e  communica t ions  l i n k .  Because  o f  
t h e  q u i c k  r e a c t i o n  on t h e  p a r t  of t h e  c u s t o m e r ,  t h e  implernen- 
t a t i o n  o f  a s y s t e m  to m o n i t o r  i n - u s e  wid-eband c i r c u i t s  i s  
n o t  recommended. I n s t e a d ,  it i s  recommended t h a t  a s u f f i c i e n t  
number of  t r o u b l e - r e p o r t i n g  s t a t t o n s  b e  e s t a b l i s h e d  t o  p e r m i t  
a c u s t o m e r  to r e a c h  the communica t ions  t r o u - b l e  c o o r d i n a t o r  
p o s i t i o n  i n  t h e  TSC q u i c k l y .  With t h e  a d v e n t  a t  KSC of  r emote  
s1::it ChlZrr 0 cf T,."ri5,ebZZd c l y c l d i t s  z,nd aapropi<iate pi-.oced-ui?t;s ( ~i i i i  
p r i o r i t y  o r d e r  for r e s t o r a t i o n  of s e r v i c e )  i t  i s  f e l t  t h a t  
t h e  s e r v i c e  n e e d s  of t h e  wid-eband. d a t a  l i n k  c u s t o m e r s  can  be 
m e t  b y  pi-ovid5.ng some o p e r a t i n g  s p a r e s  which c a n  b e  r e m o t e l y  
s w i t c h e d  i n t o  s e r v i c e .  

To i n s u r e  t h e  o p e r a t i o n a l  a v a i l a b i l i t y  of' spare 
c i r c u i t s  i t  i s  a d v i s e d  t h a t  t h e s e  c i r c u i t s  be t e s t e d  p e r i o d i c a l l y  
f o r  c o n t i n u i t y  and  d e g r a d a t i o n .  A s t a t u s  b o a r d  for showing 
the s t a t u s  and a v a i l a b i l i t y  o f  s p a r e  c i rcu . j . t s  s h o u l d  
be  m a i n t a i n e d  i n  t h e  TSC. It i s  n o t  c o n s i d e r e d  t o  b e  a d v i s a b l e  
t o  remotely m o n i t o r  or test these spa.re c i r c u i t s  u n l e s s  a c c c s s  
to t h e  termina.1 p o i n t s  c a n n o t  be a c h i e v e d  durin,L-, some p h a s e s  
o f  a m i s s i o n  p e r i o d .  

, 

H .  Kraus  
I 

I 

HK 

B .  F .  O ' H r i e n  

JTR 
A t t a c h m e n t s  

T a b l e s  1-111 
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E r r o r  

APOLLO 
4 5 6  

24 18 28 
- 

i 
S y s t e m  

Caused  by  User 

4 5 6 

25 2 1 

A P 0 1,L 0 

I 
- - 4 ! B e l l  T e l .  

: Point-to-point 
i 

O t h e r  

- 4 - 

ETS ,c 
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Long l i n e s  Patch F r o b l e m s  

- i 5 1 21 1 -  

Sy s t er:! And/or 
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4 5 6 1  4 5 6 

7 25 
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7 5 27 1 11 8 14 
4 1 3 

6 1 5 
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- - 

I 

, 

I 
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- 
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- 2 4 
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13 1 7 
- 

( 8 )  
-, 

User C o n i ! p l a i ~ t  ‘ I 
P r i o r  to 1nstLl.L 

n n n r  T n t x  U l I L \  J 

4 5 6 

9 2 3 
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